The Effect of High Consistency Kneading on Ink Particles Size and Fiber Degradation of a Newspaper Furnish by Evanoff, Elisabeth
Western Michigan University 
ScholarWorks at WMU 
Paper Engineering Senior Theses Chemical and Paper Engineering 
4-1995 
The Effect of High Consistency Kneading on Ink Particles Size 
and Fiber Degradation of a Newspaper Furnish 
Elisabeth Evanoff 
Western Michigan University 
Follow this and additional works at: https://scholarworks.wmich.edu/engineer-senior-theses 
 Part of the Wood Science and Pulp, Paper Technology Commons 
Recommended Citation 
Evanoff, Elisabeth, "The Effect of High Consistency Kneading on Ink Particles Size and Fiber Degradation 
of a Newspaper Furnish" (1995). Paper Engineering Senior Theses. 113. 
https://scholarworks.wmich.edu/engineer-senior-theses/113 
This Dissertation/Thesis is brought to you for free and 
open access by the Chemical and Paper Engineering at 
ScholarWorks at WMU. It has been accepted for inclusion 
in Paper Engineering Senior Theses by an authorized 
administrator of ScholarWorks at WMU. For more 
information, please contact wmu-
scholarworks@wmich.edu. 
The Effect of High Consistency Kneading on Ink Particle Size and Fiber 
Degradation of a Newspaper Furnish. 
By: 
Elisabeth Evanoff 
A thesis submitted 
in partial fulfillment of 
the course requirements for 
The Bachelor of Science Degree 
Western Michigan University 
Kalamazoo, Michigan 
April 12, 1995 
Abstract: 
Recycling of various paper wastes is becoming very popular. These 
wastes can include newsprint, mixed paper, office paper, and old corrugated 
container. This thesis experiment evaluated old newspapers. Newspapers 
contain inks which require mechanical action to break them into particles small 
enough for flotation or screening deinking. The mechanical action was 
produced by the Shinhama kneader. The objective of this experiment is to 
analyze the effect of the Shinhama on ink particle sizes, and fiber degradation. 
The variables for the operation of the Shinhama included varying the power 
loading of the machine, and the pH of the stock. The power loadings used 
were 15 amps and 18 amps, and the pHs were 7.51 and 10.17. Old 
newspapers were pulped to obtain the ink particles which were evaluated with 
the image analyzer. This pulp was slurried in the hydrapulper and run through 
the Shinhama high consistency kneader. Fiber degradation was measured by 
producing TAPPI beater curves, running Kajaani fiber length analysis, and 
testing the strength properties of tear, tensile, and zero span tensile, before 
and after each run through the Shinhama. A pulp sample was obtained and 
tested every time an operating variable was changed. The following 
conclusions can be drawn from the analysis of the obtained results: the pH of 
the stock is irrelevant to the performance of the kneader, the kneader operates 
best at a medium power loading, the Shinhama is very effective in breaking up 
ink particles for effective removal with flotation, fiber length reduction through 
the kneader was 17.1%, at the 7.51 pH level ink particle sizes were reduced 
79%, and ink particle sizes were reduced 57.1 % for the 10.17 pH level. Based 
on this experiment, the Shinhama can be effectively used as a new method for 
deinking waste papers. 
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Introduction: 
The purpose of this thesis was to evaluate the efficiency of the 
Shinhama high consistency kneader for ink particle sizes and fiber 
degradation, when it was used to deink newspapers. Newspapers contain . 
inks which require mechanical action to break them into particles small 
enough to be removed during the recycling process. The mechanical action 
was produced by the Shinhama kneader. This evaluation will analyze the effect 
of the kneader on ink particle size, and fiber degradation through the variation of 
stock pH and the power loading of the Shinhama. The pHs were 7.51 and 
10.17, while the power loadings were 15 amps and 18 amps. 
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Background and Theoretical Discussion: 
The major problem in deinking is the removal of certain types of inks. 
Analysis of current deinking systems show that a new method of ink removal is 
necessary. Conventional deinking systems emulsify the inks and disperse 
them with a combination of chemicals and heat. However, insoluble inks and 
new printing methods have resulted in poor pulp quality. A rapid change in the 
types of raw materials available for deinking, and their incompatibility with 
conventional repulping methods was a large factor in the development of the 
Shinhama technology. 
Deinking is a complex process in which technology advances everyday. 
The objectives of the deinking process are to reduce ink particle sizes, 
increase brightness, maintain high yield, and produce high quality products. 
Visual appearance standards for printing and writing papers are higher in the 
Pacific Rim countries that Europe or the United States 
1
. Deinking technology
includes equipment, techniques, and chemicals. Deinking equipment should 
be chosen for its ability to adapt to the changing demands of a mill for higher 
quality deinked pulp. A higher quality deinked pulp contains almost no ink 
particles and can serve as a comparable replacement for virgin pulp. The main 
objective of deinking is to reduce the amount of ink in order to produce the 
highest brightness pulp with the fewest residual ink particles. Newspaper has 
the highest collection ratio of any wastepaper, therefore it is desirable to 
recover it and make it into a higher grade paper with increased brightness, 
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which can be used for many purposes. Kneading systems can effectively treat 
old newspapers. In order to achieve a higher brightness it is necessary to 
maximize the removal of ink particles, and ink contaminated fibers called 
whiskers. For the removal of whiskers it is necessary to utilize the peak level of 
kneader dispersion and mixing. 
High consistency kneading was first introduced in 1983 by a Japanese 
company called Shinhama 
2
. This piece of equipment is very popular in Japan
because it has superior deinking efficiency. The Shinhama deinking system 
detaches ink particles from the fibers and makes them smaller by fiber-to-fiber 
rubbing, which occurs in the kneader. The loose ink particles can then be 
removed by flotation. Data published by Shinhama showed that the smallest 
ink particles were produced by using a medium power load · Another 
advantage of the Shinhama is that it efficiently removes ink and damages the 
fibers less than conventional deinking methods. Conventional deinking 
methods tend to reduce fiber length by using disk or tooth-type mechanical 
dispersion techniques. These dispersion systems also require high 
temperatures ranging from 180 to 245 F to soften ink particles prior to 
dispersion; the intense energy and high rpms associated with these systems 
can cause drastic decreases in freeness, and consume as much as 90 kWh of 
energy per ton of pulp processed 
3
. The kneading system ensures maximum
ink removal with less fiber damage and energy consumption. The Shinhama 
company found "peak dispersion of ink particles occurred when the kneader 




There are various features of the Shinhama which make its use more
beneficial over conventional deinking methods. For example, it has no steam
tube so the steam requirements are reduced, it has lower energy consumption
so it saves money, it has low fines production and produces a higher yield, and
it is an effective defibrillator of fiber bundles for better bonding and swelling
capacity and therefore aids in formation on the paper machine. The life of the




In the past, the government has proposed regulations setting
standards of recycle content at 5% to 10% of the final paper. The use of the
Shinhama will explore a more effective and more efficient method for removing
inks by mechanical action. Currently there is no efficient way to remove large
ink particles. In order to remove these inks a lot of chemicals and power
consumption is necessary. The use of the Shinhama for this type of deinking
could be beneficial to the paper industry, because fewer chemicals will be
needed. If the Shinhama shows good pulp mixing it could possibly be used for
bleaching. Boise-Cascade in Tacoma, Washington and Shell Oil Company
have also experimented with the Shinhama. The old newspapers for this trial
were obtained from Tom Osborne of BFI, in Kalamazoo. The rest of the
equipment was supplied by the pilot. plant.
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Experimental Procedures: 
The deinking system in Western Michigan University's pilot plant was 
retrofit in May of 1995. This procedure included adding new equipment and 
replacing some of the older machinery in order to deink mixed office paper and 
newsprint using the flotation process. During this retrofitting process the 
Shinhama was added to the existing system. The Shinhama has two counter­
rotating flighted shafts, one side turning at 100 rpm and the other turning 10% 
faster at 11 0 rpm; the optimum consistency for kneading is 30% 
6
. The
clearance between the two shafts is one to two inches. The rubbing action 
which results separates the ink from the fibers and breaks it into tiny particles, 
with minimum injury to the fibers. The kneader has a discharge valve that gives 
back pressure to the stock inside the kneader. This valve is controlled 
automatically to keep the power feed steady. This power feed can be set at any 
desirable level by a control switch. This control switch operates like a rheostat, 
and varies the degree to which the discharge door is allowed to open. Steam 
is not required for this process unless bleaching chemicals are added to the 
kneader. A picture of the Shinhama can be seen in Figure 3. 
The effect of the Shinhama on ink particle size, and fiber degradation 
was evaluated by varying the power loading and the pH. A full factorial 
experiment was run by using two different power loadings and two different 
pHs. The flow diagram for the full factorial experiment can be seen in Figure 1. 
The power loadings were controlled by the motor power dial. The settings of 
the dial were 15 amps and 18 amps. The pH was held at 7.51 and 10.17 while 
8 
the loading was varied. It was expected that the Shinhama should effectively
break the ink into particles small enough to be removed by flotation or washing
techniques. However, in some situations, higher power consumption, slight
fiber degradation, and addition of chemicals may be necessary to achieve a
desired level of deinking.
The pilot plant equipment used during this thesis included the Black
Clawson hydrapulper, the sidehill screen, the belt press, and the Shinhama
high consistency mechanical kneader. The flow diagram of this equipment can
be seen in Figure 2. The Black Clawson hydrapulper is six feet in diameter and
is capable of repulping at up to 15% consistency, it can be temperature
controlled and has a 100 hp variable speed drive. The pulper is constructed of
304 stainless steel and has a capacity of 300 pounds of oven dry fiber 7. The
sidehill screen is a 100 mesh screen which pre-thickens stock to about 3%
consistency, before it passes through the belt press where it is dewatered to
about 30% consistency. This 30% consistency stock is then fed into the
Shinhama for deinking. The kneader can be temperature controlled and has a
nominal throughput of two tons per day. If this machine was in a mill the
kneaded stock would be diluted for further flotation, and then sent to the paper
machine for paper making. If the kneader is not needed it can be bypassed.
The laboratory testing equipment included the image analysis system, the
Kajaani fiber length analyzer, the tear machine, the tensile machine, and the
zero span tensile machine. Kajaani fiber length uses a very dilute suspension
of fibers which are strained through a glass capillary under suction, and
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photodiodes measure the length of each individual fiber which passes through
it. The tear test determines the force required to tear a strip of paper under
standardized conditions. Tensile strength is the force required to break a
sample of paper. The force required to pull a strip of paper apart is measured
by the zero span tensile test. Pulp samples for TAPPI beater curves were taken
at five minute intervals for fifteen minutes, and five 60 g/m2 Noble and Wood
handsheets were made from each sample. The image analysis system
consists of a computer and scanner which are used to detect ink specks in
these handsheets.
Old newspapers were pulped in the hydrapulper. Once the furnish was
pulped for twenty minutes, half of it was pumped to chest five and tested for pH
and consistency. The consistency at this point was 1.79%. The stock was then
pumped over the Sidehill screen, which increased the consistency to
approximately 3%, then it was passed through the belt press. The belt press
further dewatered the stock to approximately 30% consistency, then it was
passed through the kneader at the two power loadings. After the 7.51 pH pulp
was passed through the Shinhama, the second batch, already in chest five,
was adjusted to a pH of 10.17 by adding 450.4 grams of NaOH, and the same
process was followed. The temperature of the stock into the Shinhama was
not altered, but it was monitored and recorded before and after kneading.
These temperatures are in Table 1. Pulp samples were taken from chest five,
off the belt press, and after each Shinhama run for consistency measurements.
Fiber degradation was measured by Kajaani fiber length, tear strength test,
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tensile strength test, zero span tensile strength test, and TAPPI beater curves. 
The strength tests were performed on Noble and Wood handsheets produced 
from the pulp obtained from the Shinhama discharge. Ink particle sizes were 
evaluated on the image analysis equipment . 
There were a few difficulties which were encountered during the course 
of this thesis. It was difficult to keep the flow though the Shinhama constant, 
because there were problems with the discharge door, due to a bad cellenoid 
switch, so the door opened and remained open during the discharge stage, so 
all the stock was let out. In order to achieve the proper power loading for each 
run the power loading had to be monitored very closely, and the discharge door 
had to be opened and closed manually when the proper power loading was 
reached. It was also difficult to maintain a constant feed rate of stock to the 
Shinhama, because the discharge door was not working properly, and to avoid 




The raw data obtained from this thesis can be found in tables 1 through
11 in Appendix I: Raw Data. The graphs used to analyze this data can be
found in this section of the report. Graph 1 shows the TAPPI beater curve for
the 7.51 pH pulp. Graph 2 presents the TAPPI beater curve for the 10.17 pH
pulp. In these graphs Canadian Standard Freeness in milliliters has been
plotted against time in minutes. Graph 3 contains Kajaani fiber length plotted
against the power loading of the Shinhama, and the pHs of the stock. Graph 4
shows the effect of pH and power loading on TAPPI dirt count of ink particle
sizes. Graph 5 presents tear strength plotted against beating time, power
loading, and pH. Graph 6 is the effect of power loading and pH on tensile
strength. Graph 7 contains the plot of zero span tensile against beating time
for the three power loadings and the two pH values.
12 
Figure 1: 
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Discussion of Results: 
Graph 'i shows the beater curve for the 7.5'i pH pulp; Canadian 
Standaid Fieeness is plotted against time. Fieeness is the measuie of how 
fast water drains from a given amount of stock. This graph shows that as 
beating time increases in the Valley beater the freeness of the pulp decreases. 
This trend is seen for the no load pulp, the 15 amp pulp, and the 18 amp pulp. 
Freeness decreases with beating because less water is able to drain through 
the defibrillated fibers. Graph 2 presents the beater curve for the 10.17 pH. 
This figure shows the same trends as Graph 2, as it should. Graph 3 is 
Kajaani Fiber Length Analysis. This shows the plot of fiber length in 
millimeters versus the power loading through the Shinhama, for both pH levels. 
The 7.51 pH fibers steadily decrease in length with increased beating time, 
because the fibers are being cut. The 1 O. 17 pH fibers decrease in length from 
the no load power to the 15 amp power, but then the fiber length increases 
again at the 18 amp loading. The decrease in fiber length from no load to 15 
amps is caused by cutting of the fibers, just like the 7.51 pH. The increase in 
fiber length at 18 amps is due tothe fact that the higher pH softens the fibers so 
they are softer and more conformable and bend in the direction of the 
mechanical action of the kneader rather than breaking at this point. Graph 4 
presents TAPPI Dirt Count Analysis. This is the plot of ink particle sizes against 
beating time, pH, and power loading. In this graph the no load curve is the 
trend which should be seen for the 15 amp and 18 amp power loadings, too. 
The size of the ink particles should decrease with increasing beating time, due 
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to the mechanical action produced. The 15 amp and 18 amp power loadings 
of the Shinhama broke the ink into particles so fine that they formed a 
handsheet that was moer gray than the no load handsheet. The image 
analysis equipment needs a white sheet with clearly defined ink specks to give 
an accurate dirt count, so therefore it saw these handsheets as one big dirt 
speck and inconsistent dirt counts resulted. Graph 5 evaluates tear strength. 
This graph plots tear against beating time, power loading, and the pH level. 
Tear should decrease with increased beating time, to a certain point, beyond 
this point the fibers became too weak to bond and were torn more easily. This 
trend is clearly seen in the no load curves. The 15 amp and 18 amp pulps do 
not show this trend clearly, but it can be proven that they are statistically the 
same as the no load pulp. Graph 6 represents the trends of tensile strength. 
In this figure, tensile is plotted against beating time, pH, and power loading. 
Tensile strength should increase as beating time increases, but beyond a 
certain point the fibers will become too weak to bond strongly and will be 
broken more easily. This trend is clearly represented in the no load 7.51 pH 
curve. Graph 7 is a representation of zero span tensile versus beating time for 
no load, 15 amps, and 18 amps at pH levels of 7.51 and 10.17. Zero span 
tensile measures the force required to pull a strip of paper apart. This value 
should decrease with increasing beating time, because it tests fiber strength, 
and fiber strength decreases with increased beating time. The trends shown 
on this graph are the inverse of what should occur. This can be explained by 
the fact that there was a minute space between the clamps on the testing 
24 
apparatus which allow bonding to play a major role in the strength of the paper, 
which will result in the trends seen on this graph. 
25 
Conclusions: 
Recycling of various paper types is becoming very popular. Consumer
demand and government regulation are increasing the percentage of recycled
fiber in all paper products. Consumers are becoming conscious that landfills
are filling up, so they have begun various recycling programs. Kneading
technology provides the best means of removing the maximum amount of ink
so that brightness standards in higher grades of paper will not be
compromised. Due to lower revolution speeds and the wider clearance
between the rotors, in comparison with other systems, the Shinhama
separates ink into fine particles with minimum injury to the fiber.
The specific conclusions of this thesis include:
1) The pH of the stock is irrelevant to the performance of the kneader.
2) During the course of this project it was found that, as stated in the literature,
the kneader operates best at a medium power loading.
3) The Shinhama is very effective in breaking up ink particles for effective
removal with flotation.
4) Fiber length reduction through the kneader was 17.1%.
5) At the 7.51 pH level ink particle sizes were reduced 79%.
6) Ink particle sizes reduced 57.1% for the 10.17 pH level.
26 
Recommendations: 
This thesis evaluated newspaper recycling with the Shinhama. My 
thesis partner, Lance Teunissen, evaluated the kneader using a mixed office 
paper furnish. Both of these furnishes were effectively recycled using this new 
piece of pilot plant equipment. The only other project which might be feasible 
using this piece of equipment would be a bleaching experiment. Literature 
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Shinhama Temperature Data: 
pH Power Load (amp) Temperature (F) 
7.51 no load 68 
15 112 
18 116 
10.17 no load 68 
15 1 1 1 
18 115 
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pH Power Load (amps) Beating Time (min) Freeness (CSF ml) 


























Kajaani Fiber Length Data: 
pH Power Loading (amps) Fiber Length (mm) 
7.51 no load 0.48 
15 0.42 
18 0.41 





TAPPI Dirt Count (Ink Particle Size) Data: 
pH Power Loading (amps) Beating Time (min) Particle Size (ppm) 

































































































Tensile Strength Data (kgf) for 10.17 pH: 
Beating Time (min) 0 5 10 15 
no load 2.046 2.564 2.416 3.111 
1.995 2.021 2.137 2.897 
2.290 2.921 2.089 3.264 
1.721 2.301 3.152 3.511 
2.346 3.004 2.604 2.991 
15 amps 2.505 2.961 2.601 3.689 
2.231 3.165 3.165 2.690 
2.153 2.387 2.196 3.960 
2.242 2.808 2.996 2.905 
1.981 3.093 3.544 3.541 
18 amps 1.605 2.840 3.095 2.776 
1.538 2.515 1.855 3.213 
1.383 2.279 2.872 3.144 
1.748 1.936 2.623 2.991 
1.415 1.893 2.416 1.997 
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Zero Span Tensile Strength Data (psi) for 7.51 pH: 
Beating Time (min) 0 5 10 15 
no load 17.0 21.4 22.4 21.8 
20.2 22.0 18.0 21.2 
21.6 21.0 24.8 21.8 
20.8 23.0 20.6 24.4 
22.8 20.0 19.8 22.2 
15 amps 16.0 17.8 19.6 20.6 
15.6 17.0 18.6 20.2 
18.4 17.6 19.2 20.6 
17.0 18.0 19.6 20.4 
19.2 19.2 16.0 22.0 
18 amps 18.8 22.0 19.2 19.6 
15.0 18.8 21.0 22.2 
18.6 19.0 21.4 20.0 
12.0 21.6 21.8 22.0 
16.4 17.0 18.4 22.2 
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Table 11: 
Zero Span Tensile Strength Data (psi) for 10.17 pH: 
Beating Time 0 5 10 15 
(min) 
no load 21.3 20.8 19.0 23.0 
15.8 21.1 21.9 22.8 
21.1 21.0 21.6 22.9 
18.7 18.4 16.0 16.0 
21.6 17.2 21.4 22.2 
15 amps 20.8 22.2 22.0 24.4 
19.0 24.2 23.0 24.4 
18.4 22.6 18.0 23.8 
19.4 20.8 24.0 24.2 
19.2 22.6 23.4 23.2 
18 amps 18.8 23.0 25.0 23.2 
16.6 21.4 21.2 22.0 
19.6 21.4 20.8 20.4 
18.8 21.2 19.9 21.2 
18.4 21.4 22.0 22.2 
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